Abstract
in western Europe has been a source of confusion for quite some time (see Pinkster, 1972) . After careful morphological examination and hybridization experiments by several authors (e.g. Wautier & Roux, 1959; Roux, 1971; Goedmakers, 1972; Pinkster, 1972; Karaman & Pinkster, 1977 ) most of the "deviating" forms encountered could be attributed to the "classical" species G. pulex (Linnaeus, 1758), G. fossarum Koch, 1835, and G. wautieri A.L. Roux, 1967. However, three forms were found that are closely related to, but clearly distinguishable from G. fossarum (cf. Goedmakers, 1974; Goedmakers & Roux, 1975 ; Pinkster, 1983; Pinkster & Scholl, 1984; Scheepmaker, 1987) . These three forms show morphological affinity with G. ibericus Margalef, 1951 , but are reproductively isolated from it (Pinkster, 1983; Pinkster & Scholl, 1984 Scheepmaker(1987) 5-XI-'85 Rhône pulex -including G. pulex gallicus (S. Karaman, 1931) -and G. wautieri. In addition, genetic differentiation was studied in relation to indirectly estimated levels of gene flow. Secondly, the relation between morphological and genetic differentiation among populations of the above species was investigated.
Genetic variation at 20 presumptive gene loci was studied using starch gel enzyme electrophoresis.
The evolutionary significance of the genetic variation recorded could be evaluated in part with the results from hybridization experiments by Roux (1971) , Goedmakers (1972) , Goedmakers & Roux (1975) , Pinkster (1983) and Scheepmaker (1987) . In addition to these experiments, crosses have been carried out between four population samples of G.
fossarum sensu lato (including G. caparti), one of forms were described as G.
stupendus Pinkster, 1983 and G. orinos Pinkster & Scholl, 1984 . The taxonomie status of the third form ( G. cf . fossarum Roux, 1975, and Scheepmaker et al., 1988) has not yet been resolved. All three forms are genetically distinct from one another and from G. ibericus (cf. Pinkster & Scholl, 1984; Scheepmaker et al., 1988 Scheepmaker (1987) . Populations of G.
cf. fossarum from area G (Fig. 1 A) Karaman & Pinkster (1977) . The morphological differentiation of some taxonomically important characters among these species and forms is summarized in Table III; for figures see Karaman & Pinkster (1977) 
Analysis of allozyme variation
The genetic interpretation of the variation was inferential. Data were analyzed by the computer program BIOSYS-1 (Swofford &Selander, 1981) . Matrices of Rogers' (1972) Wright (1931 Wright ( , 1951 Wright ( , 1965 (Workman & Niswander, 1970 , in Waples, 1987 (Wright, 1931 (1981, 1985) .
These methods do not depend on the assumption of selective neutrality (Barton & Slatkin, 1987) . Gene flow levels among populations and areas were also calculated from the average frequency of private alleles, p (1), using Slatkin's (1985) (Fig. 2) and the Wagner distance network (Fig. 3) Rogers' (1972) genetic distance rooted at the midpoint of the longest path (Farris, 1972) Significance of population differentiation was tested with a chi-square heterogeneity test; * P < 0.05. (Wright, 1931 (Slatkin, 1985) ; Nav = average sample size; Nm = estimate derived from p (1); Nm* = idem, with correction for sample size; F S T = F-statistic (Wright, 1931) ; θ = idem (Weir & Cockerham, 1984) ; Nm F ST = Nm estimate derived from F ST; Nmθ = idem, derived from 8; n.p.a. = number of private alleles; km (av) = average geographic distance among samples in kilometres. (Wright, 1931) and θ (Weir and Cockerham, 1984) CAF gene flow profiles (Slatkin, 1981 ; see also Caccone, 1985; Caccone & Sbordoni, 1987; Waples, 1987) (Slatkin, 1981; Waples, 1987 In these curves, fluctuations are less pronounced.
Cross-breeding experiments
The results of the cross-breeding experiments are listed in Waples, 1987) . (Pinkster, 1972; Karaman & Pinkster, 1977) (Waples, 1987) . Unlike F according to Wright (1931 Wright ( , 1951 Wright ( , 1965 As stressed by Caccone & Sbordoni (1987) , Slatkin's (1985) (Fig. 1A) and Petten (North-Holland) this estimate yields 5.98 (Scheepmaker, 1990) (Scheepmaker, unpublished data Roux (1971) , Goedmakers (1972) , Pinkster (1972 Pinkster ( , 1983 , Pinkster & Scholl (1984) , Scheepmaker (1987) , and results from crosses presented in this study (Table XIV) suggest that clusters formed by G. pulex, G. wautieri, G. stupendus, G. fossarum s.l. from areas J, K, L, B, C, F and I (Fig. IA) 
